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Study on the correlative property of excitation

on compressor rotor blades

FANG Li-cheng, LI Shun-ming, (DU Jian-jian » CHEN Mo-li

(College“of Energy-and Power-Engineering,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract:~The correlation 'of the three excitation forms (up-stream blade rows wakes,
inlet distortion and rotating stall) was studied to~analyze complex flow field of the blade
role. The experimental samples were obtaitied by a single-stage low speed axial compressor
test rig. Research focused on analysis of these three types of periodical excitation, employed
autocorrelation and cross/correlation approach. Experimental results show that there is high
correlation between excitation signals, and the correlation degree rely heavily on even sig-
nal. In addition, there is lower amplitude of cross-correlation frequency than amplitude of
autocorrelation signal; There is low magnitude correlation among three excitations, correla-

tion mainly exist in the first two of the even degree signal.

Key words: periodical excitation; inlet distortion; rotating stall; correlation analysis;

compressor rotor blades

BUARHT == 4 3 BIL A4 245 K it A W 1) A2 44k
e M KR R S LE XU TR SHLET Z B9 KB TR
T3 WL S 24k R B A T A A A L
Je HE ML A AR I 52 3 O A g A
VD R 3 U 4 56 YD 3 A% B e T
Jie B B 5in A . AN TTE &3 1T R T A T

W ss H A 2010-05-26; fEITHEA:2011-01-12
ELTE :HE A AR IS (50675099)

G TR A IR A ORI K £
EEXTE I 20 IS sh R 1 . B AR 2 R
SR B JE) 53 A AR ¥ 50 10 3 3 v e 1 BV I
{4 JE S P SR 15, Lecht 25 A48 3 M 36 T S 30
PR T T Ak Sk B R R s /R B AL
MR b LA R AR T Hall 28 A J HE

PEZ T8 97 7 Sr (1980 —) o B INARFF N Wi, BN 25 & S HURHIE (55 S 3005 4307 i i R 42



1290 it = &

VIR 5 26 %

JRE 320 B X o7 346 A7 T BIF T ST R O T A
TR U A T IR R o X R B ke e O R ) R
173 T0E5E . 9 A 2 O 22 X R ML fE Y 52
M J5 TR A T 1 AR L U s A i R K 2 % R
SPUTE HE U AR 25 1F T 1 = 4R B AT T
AL I 3 e WL E 11 W6 728 7 37 6 e & 2% 3 4
¥ S 00 7 T AT T RS LV b T R X R
W 78 14 3 s T S AT T R

AR NATHT B 218 5B <3 i 9 5 1
J7 WHEAT T4 T RS AR AE 2 M B 2% S5l 1] i
it B A AP R T SO I R4 T B A S

BT XA E, A SCHE LA 32 A E E W%
JilTE 3R AR S SR HE AT 58— 5 I8 L 4R 5K 3 2B 15 L
T R A B9 A A R

1 BXSTHERHTE

FH AT ATT R R FHGE 1T 5 s S A 58 RN iR T4
AR DG OE & L H I GE T A M G R AL A ARG
PRI BSCF E AR G PR AR

Al 0 7 A — 41 R Y I RO s o)
i=1,2,3,, N, WIEE o y Z [ AH R 5
WE =5y W2, Bikh

oy = E[(x—u) (y—u,)] =

N
. 1
l@ﬁ2<r— ) (e — u) S
DA OGP B4 i 55 FH =X (20 Fom
=% L1, <
Oay 6.0, 1<y <1 (2)

Koo, A E R B
5% (O MR R, (o &R — 4B
2 0 BUA 5 A0 — i ZIE AR O R B
R(o=Eax(" 2(t+ 0] =

*T
lim lJ (07 2(1+ Ddt
Treo [Jo

F5 205 y(OWMEAHEREE XL H
R,(0 =ELz()" yt+ 0] =

3

.
lim ij (0" y(t+ odt )
0

Tooo
X IV B EL 3 CRF BE BREO | F 3G O BE R VED 23
VRSP

+u:
S, (f) :J R, (De *Fdr (5)

oo
S.(fH = J kR“(T) o2 1

L S (HBHR 2o By A %% B R EEL A 3.

(6)

RIFE, ZANBREL o () s 20 (D) s x5 (1) B H AH
PR AT 2 (7)) FoR, B

.flf(n)(ta Tl 37.'2) -

Jxl(t)l'g(t+ ) s (t+ o)dt 7

2 BTHRSIHMHNEEFEEE
=

X HEAHLI R 5 3 AR E W O e
s LU HE R e e Ok R R AR A = A
EH BT 2.

D Bk

TE AR ALAE P, 0 R R 0 R S AR AR 1Y) A 0
ML Sh IR, BT A 1 JE SR 3l Al R S TAE
AR A HEN R kL O RO P 3 S B
Vi) A8 30 4 1 Bk g 5 51 e s sl
(4 1K By 1A i R v B 57 VAR = R 5 TR

2) Tk Jak

T e I d Hk AR e k8 ML AR % 3R
10%~70 % fe KEEH0D S & 51 Bk B4R sh 52
S B AR A BB T B0 TR 4

3) HEACHTAR

FE AL A A8 A SE W & s ALY B RS
Pl ML Wi e 55 5 10 HLAR 35 59 1 3 S04
WERETE 5L 0 7 7= A SR T 7= A 2 R A A Y i U
TR Iy, 51 I R AR 5 3 R s A IR S 5 AT
BT B0 R Wk sl 9 55 IR

3 BTMHARNEESHERASH

3.1 RIS BUIERE

AR SCAE B9 SR B — 5 B R I
SIS 5 R 270 5 L 5 1 R T
BRI R 0. 6. 5 T RTHERE 1 ROl 30 AL 5%
FHE N 1200 r/min. 38 i 76 58 35 AL O )
B FE CAIP) b A B 328 e 7 AR s (LQ-
125-5A) , X i A, W A8 R JE 5% 2 o 1) 3 245 R 1 1%
BLIHEAT I AL IF HE AT BT A k.
3.2 RIEEIES
3.2.1 IR Ak

5 6 R AR B A B R A7 A B L A5 B ) B
V) 73 7R P A B0 265 T R i e

IS AR 18 A B e W SR V= T NS DA K
o 0] 5 A5 80 %) B8] D R P RN A R A TR DA [
] DUE L RS S R s SR 28—
SE 1 K Sl AR R S5 R I R 45T %k 5. 62 Hz,



5 6 0]

J5 SLINAF RSOV 7 7 BT 523803 B9 AR 5G4 1291

e TR R A0 R Sy W L e R IR R Y 2 A
3 AR 4 B W (AT AR X A AR

ol

£ 05
&
= -1.0
= sl l l L Lowesd.
0 25 5.0 0 25 50
1 [H] #/s AR fIHz
(a) 5] 2 P (b) i

100
0
£ -05 £ 50
o el
= -1.0
0 25 5.0 0 25 50
Hffi] ofs 951 fIHz
(a) A TE) D P P (b) 433 5

1 53k A5 0y i () Dy e R G 1
Fig. 1 Time series and spectrum of rotor pulsant

pressure force under the full flow
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Fig. 3 Time series and spectrum of rotor pulsant

pressure force under the rotating stall
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pressure force under the trail excitation
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Fig. 7 Cross-correlation coefficient and
cross-correlation spectrum between

full flow and the inlet distortion
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inlet distortion and the rotating stall
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full flow and the rotating stall
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